The Fe requirements of four monocotyledonous plant species (Avena sativa L., Triticum aestivum L., Oryza sativa L., Zea inays L.) and of three dicotyledonous species (Lycopersicum esculentum Mill., Cucumis sativus L., Glycine maxima (L.) Merr.) in hydroponic cultures were ascertained. Fe was given as NaFe-EDDHA chelate (Fe ethylenediamine di(O-hydroxyphenylacetate). I found that the monocotyledonous species required a substantially higher Fe concentration in the nutrient solution in order to attain optimum growth than did the dicotyledonous species. Analyses showed that the process of iron uptake was less efficient with the monocotyledonous species. When the results obtained by using chelated Fe were compared with those using ionic Fe, it was shown that the inefficient species were equally inefficient in utilizing Fe3`ions. However, the differences between the efficient and the inefficient species disappeared when Fe2`was used. This confirms the work of others who postulated that Fe3' is reduced before uptake of chelated iron by the root. In addition, it was shown that reduction also takes place when Fe is used in ionic form. The efficiency of Fe uptake seems to depend on the efficiency of the root system of the particular plant species in reducing Fe'. 
Fe chlorosis is one of the symptoms most frequently found in cultures grown entirely in nutrient solutions. Many attempts have been made to explain the mechanism of iron uptake, but there remains some contradictory evidence. Although many facts have been established with respect to short term Fe uptake and Fe transport as measured with labeled Fe (5, (9) (10) (11) 17) , particularly in soybeans, little information is available on the actual Fe requirement of various plant species in order to ensure their optimal growth. The experiments described were designed to evaluate the Fe requirement of four monocotyledonous and three dicotyledonous plant species. Since great differences in Fe requirement were found, I attempted to investigate which process in the course of Fe uptake could cause these great differences. The question arises whether the monocotyledonous plants need a higher Fe content in the nutrient solution or within the plant than the dicotyledonous species, or whether they are just less efficient in taking up Fe from a particular concentration of Fe in the nutrient solution. Analyses of the plant shoots after these treatments showed that the Fe contents of all the monocotyledonous species when grown in a solution containing 1.6 ,ug/ml of Fe were appreciably lower than the ones of the dicotyledonous species. At the Fe concentration of 12.8 jug/ml only corn showed a somewhat lower Fe content: oat and wheat were similar to the dicotyledonous species. I concluded that the plant species which require high concentrations in the nutrient solution are less effective in taking up Fe. Various authors reported such differences in efficiency on different soyChlorosi! Figure 3 shows the effect of the three Fe compounds on chlorosis symptoms with the four chosen test plants. The effect on fresh weight was similar. Again corn, when given NaFe-EDDHA, required a high Fe concentration (6.4 ,ug/ml of Fe) In fact, all four plant species turned completely green at the 0.4 ,ug/ ml Fe concentration. The differences between monocotyledonous and dicotyledonous plant species were no longer apparent when FeSO4 was used. Additional experiments proved that the anion (SO42-versus Cl-) was of no importance. Therefore the valency of Fe was entirely responsible for the efficiency of Fe uptake.
MATERIALS AND METHODS
This conclusion was confirmed in another way. By using the same culture method of alternating nutrient solutions, plants were grown with Fe3+ and Fe2+ supplied in the ionic form with and without the addition of a reducing agent (10 jug/ml of hydroquinone) together with the Fe supply. Table I shows the results of this experiment in terms of the shoot fresh weights.
The results show that the addition of hydroquinone had no effect when given with Fe2+ but it increased the fresh weights significantly (P = 0.05) of three out of four test plants when they were supplied with Fe3+. This increase was such that the fresh weights were statistically identical with the ones obtained using Fe2 . Only tomatoes, which were very effective in using Fe3" (Fig. 1) , did not show a response to the addition of hydroquinone.
DISCUSSION
The data show that the Fe requirement of various plant species can differ appreciably. These differences are not due to various quantities of Fe being necessary for optimal growth, but are caused by the plants being more or less efficient in the Fe uptake.
Various papers (2, 4, 6, 7, 12, 16) have postulated that the reduction of Fe' to Fe2+ was essential in the uptake of Fe from Fe chelates and was important for the process of removing the Fe from the chelate complex. But in these earlier publications chelated Fe (NaFe-EDDHA) was always used, and it was not known whether or not the removal of the Fe from the chelate complex was contributing to the difference in efficiency of the various plants.
In this paper I applied a new method which allowed the com- parison between Fe in the ionic form and Fe chelates. The data show that the reduction of Fe3`to Fe2' also took place when Fe was given in the ionic form and that the reduction to Fe2`was indeed the important process which was carried out more or less effectively by the various species. As soon as Fe2' was supplied in the ionic form the efficiency differences disappeared, i.e., all plant species became fully green at the same low Fe concentration. Fe3+ in the ionic form was required in considerably higher concentrations by the inefficient species. I was tempted to speculate that Fe3+ ions cannot be admitted through the plasmalemma into the symplast because of the 3 charge.
I did not determine how the removal of Fe from other chelate complexes could affect the Fe uptake. Soybean and tomato were more effective in taking up Fe from the EDDHA chelate than from Fe' in the ionic form (Fig. 3) . This is surprising since removal of Fe from a complex should be more difficult than from ionic Fe. There is no explanation for this effect yet. It seems, however, that in the case of the EDDHA chelate, removal does not cause any additional difficulties for the plant. Chaney et al. (12) showed that reduction takes place within the Fe complex. Therefore the plant has to remove the Fe2' from the chelate. In most chelates the stability of the Fe2c omplex is considerably lower than of the Fe3 complex. This is particularly so with the EDDHA chelate, where the stability of the Fe2`complex is reduced to a low value. Investigations with other chelates will have to show in what way the removal of Fe2' from the complex affects the Fe uptake and whether plant species are more or less effective in this respect too.
No generalization about the relative efficiency of monocotyledonous species and dicotyledonous species can be made from the evidence of the few plants examined. More species will have to be investigated before the general conclusion can be drawn that monocotyledonous species are less efficient in reducing Fe' than dicotyledonous species.
